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The dynamic interaction between building systems and external climate is extremely complex, involving 
a large number of difficult-to-predict variables. In order to study the impact of global warming on the 
built environment, the use of building simulation techniques together with forecast weather data are often 
necessary. Since all building simulation programs require hourly meteorological input data for their 
thermal comfort and energy evaluation, the provision of suitable weather data becomes critical. 
Based on a review of the existing weather data generation models, this paper presents an effective method 
to generate approximate future hourly weather data suitable for the study of the impact of global 
warming. Depending on the level of information available for the prediction of future weather condition, 
it is shown that either the method of retaining to current level, constant offset method or diurnal 
modelling method may be used to generate the future hourly variation of an individual weather parameter. 
An example of the application of this method to the different global warming scenarios in Australia is 
presented. Since there is no reliable projection of possible change in air humidity, solar radiation or wind 
characters, as a first approximation, these parameters have been assumed to remain at the current level. A 
sensitivity test of their impact on the building energy performance shows that there is generally a good 
linear relationship between building cooling load and the changes of weather variables of solar radiation, 
relative humidity or wind speed. 
Keywords: building simulation, future weather data, global warming.  
 
INTRODUCTION 
Greenhouse gas emissions and associated global warming is a significant concern for the 
world community. This problem is now widely recognised as having significant potential to 
seriously affect the integrity of our ecosystems and human welfare. The challenge now faced 
by all countries around the world, including Australia, is how to effectively respond to and 
manage this change. 
Buildings are one of the most significant infrastructures in modern societies. The construction 
and operation of modern buildings consume a considerable amount of energy and materials, 
therefore contributing significantly to the global warming process. In Australia, it has been 
reported that the building sectors contributes some 95 Mt CO2 greenhouse gases, which is 
more than all the emissions from the cars on the Australia’s roads (AGO, 2000). 
Conversely, the effect of global warming can also have a significant impact on the thermal 
and energy performances of the buildings, as well as the health and productivity of people 
living and working inside them. Because the lifetime of buildings is very long, typically 50-
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100 years, it is particularly important that all the current and future building stocks be 
designed to perform satisfactorily in the future climate (Yang and Peng 2001).  
In order to study the impact of global warming on the built environment, the use of building 
simulation techniques together with forecast weather data are often necessary. To meet this 
requirement, several different approaches of generating future weather data have been 
proposed. From simple to complex, they may be broadly classed as extrapolating statistic 
method, constant offset method, stochastic weather model and global climate models (Guan et 
al, 2004). From Figure 1, it can be seen that the first two methods are essentially modified 
from historically observed weather data, while the last two are based on fundamental physical 
models, using the historically observed weather data for the purpose of model calibration. It 
also appears that none of these methods meets all the requirements of building simulation 
study, being either too simple or too complex.  
 
Figure 1: the relationship between different methods 
In this paper, an improved approximate procedure is presented to generate future weather data 
for global warming impact studies on built environment. This is modified from the above 
constant offset method and is achieved by imposing the predicted future climate information 
due to global warming from the more complex models on top of the recorded current 
reference year weather data. It is also highlighted that the proposed method represents a 
holistic approach to convert available weather data and climatic information to a format 
suitable for building simulation study. The future hourly weather data produced from this 
method will allow the implication of global warming on building thermal comfort and energy 
performance be quantified. Such results may form the basis and contribute to the decision 
making of relevant government and construction and facilities management industries. 
A METHOD FOR PREPARING FUTURE HOURLY WEATHER DATA  
Based on a review of the existing weather data generation models, an effective procedure to 
generate approximate future hourly weather data will be presented in this section. This 
procedure, as shown in Figure 2, is evolved from the constant offset method used by previous 
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research (Scott et al, 1994). Depending on the provision of information in the prediction of 
future changes in weather variables, this method allows either the method of retaining current 
wether variable unchanged, or constant offset method or diurnal modeling method be 
employed. It also allows the current reference year weather data contained in TRY (Test 
Reference Year) / TMY (Typical Meteorological Year) be either used directly, or used as the 
base for further modification, or used for the calibration of diurnal modelling of 
meteorological parameters. 
  
Figure 2: The flow chart of proposed method to estimate the change of weather variables due 
to global warming 
The advantage of this method is that only two sets of input data, i.e. the current reference year 
weather data and the projected change of weather variables due to global warming, are 
required. Both of them are often readily available or easily accessed. In one hand, this avoids 
the limitations of the extrapolating statistical method, which ignores the effect of weather 
variable diurnal cycle and latent energy. On the other hand, it also eliminates the complexity 
of stochastic weather models and global climate models, which often requires meteorological 
specialists to operate the complicated model. This method also allows the impact studies for 
the comparison between current and future weather conditions be made on a consistent base. 
It is noted that in this method, if there is an absence of reliable predictions for a specific key 
climatic parameter, then the data for that particular parameter from current weather condition 
may still have to be used. To compensate this, it is suggested that a sensitivity test of its 
impact on the building performance be carried out. In particular, it is noted that if there is a 
lack of the prediction of future change in air humidity, then as a first approximation, the 
relative humidity, instead of absolute humidity, may be assumed to remain unchanged to 
allow for the possible increase of evaporation due to global warming be considered. The 
impact of this assumption on building energy performance will be discussed in the section of 
“sensitive study” in this paper.        
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EXAMPLE OF THE APPLICATION OF THE PROPOSED METHOD  
As shown in Figure 2, the application of proposed method is dependent on the provision of 
suitable input data, including the current reference year weather data and the information of 
projected change in the key weather variables. In the following, the availability of these two 
sets of information for all the Australian state capital cities is discussed first. The results of 
generated hourly weather data are then presented in the second part of this section. 
1. Input data  
 Current reference year weather data 
The current reference year weather data is a set of one complete year of hourly weather data 
used to represent the average weather patterns that would typically be found in a multi-year 
dataset for a particular location.  It is normally prepared in a way so that it can be used by 
general building simulation programs, and can be in the format of TRY (Test Reference 
Year), TMY (Typical Meteorological Year), or WYEC (Weather Year for Energy 
Calculations) etc. The current reference year dataset often includes all the key meteorological 
variables, such as dry bulb temperature, air humidity, solar radiation, atmospheric pressure, 
wind speed and direction etc. 
A current reference year may be a whole calendar year, such as a TRY, which is often derived 
from observation at a specific location by the national weather service or meteorological 
office. It may also consist of linked monthly segments of weather data selected from the 
meteorological records, such as a TMY (Hui and Cheung, 1997). The selected meteorological 
data for TMY are identified by the closeness of the cumulative distribution functions (Adelard 
et al, 2000). Stoffel and Rymes (1998) found that the careful uses of the representative climate 
data are particularly important in comparing computer simulations of building designs and 
their resultant energy needs. 
The TRY weather data for all the state capital cities around Australia are supplied by 
ACADS-BSG, a consulting company based in Melbourne, Australia. The weather variables 
contained in this Australian climatic database include dry bulb temperature (DBT), humidity 
ratio (w), atmospheric pressure (P), wind speed and direction, cloud cover, global solar 
irradiance on a horizontal plane, diffuse solar irradiance on a horizontal plane and direct solar 
irradiance on a plane normal to the beam. 
 Projected change of weather variables due to global warming 
Methods of predicting climate change have been the subject of intense research in recent 
years, and they are now able to yield reasonable estimates of generalised future values (such 
as annual means) together with the indication of likely future variability (Levermore, and 
Keeble, 1998). These predictions are typically based on models of global climate “forced’ by 
a presumed finite or continuing change in atmospheric carbon dioxide concentration. 
Estimates of trends over large areas are also generally considered more accurate than those 
over small areas.  
Unlike most other scientific work, such predictions cannot be validated, since they do not 
relate to a currently replicable event. However, for different climate parameters, there are 
different levels of confidence. Among them, the projection of change in dry bulb temperature 
is claimed to have the greatest confidence (Houghton et al, 2001).  
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For Australia, the information on the likely future global warming is provided by the 
Government research agency CSIRO (Commonwealth Scientific & Industrial Research 
Organization). The projected seasonal dry bulb temperature change for the years of 2030 and 
2070 is tabulated in Table 1, using the so-called low and high scenarios for each projected 
year to span the most likely range of possibilities (CSIRO, 2001).      
Table 1: The projected seasonal temperature change for years 2030 and 2070  
In addition to the above results, CSIRO also projected that (CSIRO, 2001): 
1. Future increases in both daily maximum and minimum temperature will be similar to 
the changes in average temperature. This is in contrast with the greater increase in 
minima than maxima, as observed in Australia in the 20th century. 
2. Future changes in daily variability will be relatively small. Instead, the daily maximum 
and minimum temperatures will both increase. This mainly determines the change in 
daily average temperatures. 
Unlike projection of future dry bulb temperature change, which can often be seen in many 
climate change brochures, it is also noted that the projection of possible change in air 
humidity, solar radiation or wind characters is limited and much less consistent (Sailor, 2001).  
2. Predicted future hourly weather data  
In this section, an example of generating future hourly weather data for Australia is presented. 
The improved approximately imposed method, as shown in Figure 2, is used to estimate 
future hourly weather data for each capital city in Australia. Because only the projection of 
seasonal change in dry bulb temperature is available, according to the flow chart of Figure 2, 
the constant offset method is chosen to generate future hourly DBT data. This also implies 
that only the projected temperature change is imposed to the current test reference year (TRY) 
weather data while the relative humidity, solar radiation and wind speed are assumed to 
remain at the current level.  
 Dry bulb temperature 
The proposed method modifies the current test reference year (TRY) weather data for each 
site, through a constant temperature increase for every hour within each season. This process 
can be expressed as: 
  Summer Autumn Winter Spring 
  2030 2070 2030 2070 2030 2070 2030 2070 
Location Low High Low High Low High Low High Low High Low High Low High Low High 
Adelaide 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 
Brisbane 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 
Canberra 0.4 2 1 6 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 
Darwin 0.3 1.7 0.8 5.2 0.4 2 1 6 0.4 2 1 6 0.4 2 1 6 
Hobart 0.3 1.4 0.8 4.3 0.3 1.4 0.8 4.3 0.3 1.4 0.8 4.3 0.3 1.4 0.8 4.3 
Melbourne 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.4 0.8 4.3 0.3 1.7 0.8 5.2 
Perth 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.3 1.4 0.8 4.3 0.3 1.4 0.8 4.3 
Sydney 0.4 2 1 6 0.3 1.7 0.8 5.2 0.3 1.7 0.8 5.2 0.4 2 1 6 
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 Tn(i) = To(i) + ∆T(i) (1) 
where 
 Tn – hourly dry bulb temperature for future climate (°C) 
 To – hourly dry bulb temperature at current climate (°C) 
 ∆T – hourly predicted temperature increase (°C) 
By this way, the projected seasonal temperature changes are incorporated to the current 
reference year weather data to reflect the effect of potential future global warming. As 
discussed previously, for each site there will be four future climate scenarios, called 2030 
Low, 2030 High, 2070 Low and 2070 High scenarios. 
The distributions of percentage of hourly outdoor temperature (DBT) for the different climate 
scenarios are shown in Figure 3. It can be seen that using this method, all four future climate 
scenarios would have similar distribution pattern with that of current TRY weather data. This 
may simply indicate that the similar diurnal temperature cycle has been retained in this model. 
It is also noted that the extreme part of temperature (the first and last 10% to 20%) is subject 
to most of the changes for the different future climate scenarios, while for the middle part 
(20% to 80%) the distribution lines are closely in parallel, which indicates a similar change 
trends between the different climate scenarios. It also seems that for the middle part, there is 
nearly a linear relationship between outdoor dry bulb temperature and the cumulative 
percentage of hours per year. 
 Air humidity 
From the previous discussion in the input data requirement, it is noted that there is no reliable 
prediction of air humidity for the Australian state capital cities. Therefore in accordance with 
the flow chart of Figure 2, the relative humidity in future weather has to be assumed as 
retaining at the current levels to allow the possible increase of evaporation due to global 
warming be considered. 
In the test reference year (TRY) weather file, the information regarding to the air humidity is 
typically represented by the humidity ratio (Wo). In order to calculate the future new humidity 
ratio (Wn), the standard meteorological formulas used to create psychrometric chart are used 
here for the conversion between relative humidity (RH) and humidity ratio (W). This 
procedure is shown as follows: 
First, calculate the existing relative humidity (RHo) at the given dry bulb temperature (To), 
humidity ratio (Wo) and atmospheric pressure (P) 
 RHo(i) = f (To, Wo, P)i (2) 
Because the new relative humidity RHn  is assumed to remain unchanged 
 RHn(i) = RHo(i) (3) 
So the new humidity ratio (Wn) can be recalculated as  
 Wn(i) = g (Tn, RHn, P)i (4) 
Where Tn is the new dry bulb temperature for future climate. 
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The distribution of percentage of hourly outdoor air humidity ratio for the different climate 
scenarios are shown in Figure 4. It can be seen that the differences of air humidity ratio 
between different climate scenarios has become more significant with the increase of 
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Figure 3: The cumulative frequency of hourly DBT for the different climate scenario. The X-
axis represents outdoor dry bulb temperature (°C) and the Y-axis represents cumulative 
percentage of hours per year (%) 
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cumulative percentage of hours. This indicates that the higher the outdoor air temperature, the 
more seriously the air humidity affected by the possible increase of the air temperature. This 
appears to be reasonable, given that the higher the air temperature, the faster the water would  
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Figure 4: The distribution of percentage of hourly outdoor air humidity ratio for the different 
climate scenario. The X-axis represents air humidity ratio (g/kg dry air) and the Y-axis 
represents cumulative percentage of hours per year (%) 
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evaporate. 
SENSITIVITY STUDY 
Since the sky cloudiness, the rate of water evaporation and wind character could change with 
global warming, the impact of the assumption to retain current level of solar radiation, relative 
humidity and wind speed would therefore need to be investigated. To carry out such 
sensitivity test, building simulation model and software would have to be used. 
The building simulation software employed in this study is DOE-2.1E, which is a dynamic 
building simulation package developed by Lawrence Berkeley National Laboratory 
(Winkelmann et al, 1993). This program has gone through extensive verification process and 
has been widely used internationally.  
The sample building chosen for this study is an air-conditioned, square shape, ten storeys 
office tower with a basement carpark, which is recommended by the Australian Building 
Codes Board to represent the typical office building found in the central business district 
(CBD) of the capital cities or major regional centres in Australia (ABCB, 2001). The overall 
specification for the hypothetical building model can be found in Guan et al (2005). 
Because in comparison with the cooling load, heating load is normally much smaller in 
Australia, and it only takes a small proportion of energy use for the modelled building, the 
cooling load will be focused in this paper. Indeed, most types of office buildings are typically 
internal-load dominated. In such buildings, the heat generated by internal load often provides 
more heat than an occupied office space would require during most time of the year.  
1. Solar radiation 
Accurate projection of the changes in solar radiation due to increased cloud cover from 
greenhouse gases is difficult. Changes in cloud cover associated with global climate change, 
and how such cloud-cover changes interact with a change in climate (i.e., cloud feedback), 
remain one of the most challenging aspects of future climate change research (Croke et al, 
1999).  
In order to test the sensitivity of building energy performance affected by the solar radiation, 
in this paper, the level of cloud cover is uniformly increased/decreased by one level from the 
current reference year. Through DOE-2 weather processor, this is found to result in a change 
of global solar radiation from the smallest change of 8.5% in Perth to the largest change of 
19.3% in Hobart. By comparing the slopes of Figure 5 (a), it can also be found that the effect 
of change in global solar radiation on the building cooling load would be weaker at a hotter 
place and greater at a cooler place.   
If the (absolute) change of building cooling load is plotted against the percentage of change in 
global solar radiation (Figure 5 (b)), it can be found that there is an extremely good linear 
correlation between them, with a R2 value of 0.9946 (the coefficient of determination). This 
indicates that the effect of percentage of change in global solar radiation on the building 
cooling load is somehow independent of localities. This is consistent with the phenomenon 
shown in Figure 5 (a) which indicates that the hotter the place, the less percentage change of 
the building cooling load. 
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Figure 5: the effect of change in global solar radiation on the building cooling load 
2. Relative humidity 
Based on an analysis of ten years historic weather data for all the capital cites in Australia, it 
has been found that there is approximately a linear relationship between dry bulb temperature 
(DBT) and air relative humidity (RH) (Guan et al, 2005a). With four degree temperature 
variation, the change in air relative humidity may be around 20%. Therefore, the effect of ±10 
to 20% of variation in RH from the base value is examined in this paper.  It is noted that the 
hourly change of RH may be limited in the high RH range, as the RH would never go above 
100%. 
From Figure 6, it can be seen that there is almost a linear relationship between the change of 
RH and its effect on the building cooling load. With a decrease of RH, the building cooling 
load would also be decreasing. It also appears that the effect of change in RH on the building 
cooling load varies from one place to another. The hotter the place, the stronger effect of 
change in RH on the building cooling loads. For Australia, the order from stronger to weaker 
is: Darwin, Brisbane, Sydney, Perth, Melbourne/Canberra, Adelaide and Hobart.   
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Figure 6: the effect of change in relative 
humidity on the building cooling load 
Figure 7: the effect of change in wind speed 
on the building cooling load 
3. Wind speed 
It is generally believed that the influences of wind speed on thermal design load and building 
energy consumption are relatively less important, except for in locations where severe wind 
conditions predominate. The effects of wind data on thermal designs and energy analysis of 
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buildings are also difficult to define and quantify. Therefore, in this paper, an arbitrary ± 10% 
of change in wind speed is chosen for the sensitivity study of wind speed on the building 
cooling load. Similarly, it can be seen from Figure 7 that there appears to be a linear 
relationship between the change in wind speed and the change in building cooling load. The 
greater the wind speed, the less building cooling load would be required. This also appears to 
be reasonable, given that the higher the wind speed, the more heat would be lost from the 
building envelope.  
It is also noted that the effect of wind speed on the building cooling load is quite weak. With 
10% of variation in wind speed, the change in building cooling load would be less than 1.5%.  
4. Overall findings from the sensitivity study 
In summary, it has been found from the above sensitivity study that the relationship between 
building cooling load and the changes of the weather variables of solar radiation, relative 
humidity or wind appears to be reasonably linear. By comparing the effect of change in global 
solar radiation (sky cloudiness), air relative humidity and wind speed, it is found that the 
change in global solar radiation has the greatest effect on the building cooling load, while the 
wind speed has the least effect. With ± 10% change of each weather variable, the change in 
building cooling load can be up to 6% for solar radiation, 4% for relative humidity and 1.5% 
for wind speed.  However, it is also noted here that this result may be subject to the influence 
of the building size and type. It would be normally expected that smaller buildings, with their 
higher surface-to-volume ratio, would be more significantly affected by insolation and wind 
change. 
CONCLUSION  
The dynamic interaction between the building systems and external climate is extremely 
complex. In order to study the impact of global warming on the built environment, building 
simulation technique may have to be used. Because all building simulation programs require 
hourly meteorological input data for their thermal comfort and energy evaluation, the 
provision of suitable weather data becomes critical.  
Based on a review of the existing weather data generation methods, this paper has presented 
an improved approximately imposed method to generate future hourly weather data. 
Depending on the level of information provided for the future weather prediction, this method 
allows either the method of retaining to current level, constant offset method or diurnal 
modelling method be used to generate an individual weather parameter.  
The application of this method to Australian capital cities has also been presented. Since only 
the information of seasonal temperature increase is available, the constant offset method has 
been employed to generate hourly temperature profile, while the relative humidity, solar 
radiation and wind speed are assumed to remain at the current climate level. Sensitivity tests 
for the latter assumption have also been carried out. It has been found that that the relationship 
between building cooling load and the changes of the weather variables of solar radiation, 
relative humidity or wind appears to be reasonably linear. With ± 10% change of each 
variable, the change in the sample building cooling load can be up to 6% for solar radiation, 
4% for relative humidity and 1.5% for wind speed. This result may be subject to the influence 
of the building size and type.  
 A method of preparing future hourly weather data for the study of the impact of global warming  
on the built environment 
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